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TI - FUEL CELL 

AB - PURPOSErTo improve the cell characteristic under high utilization area of 
supply gas while to improve the service life and the reliability by 
constructing such that the cross-section of fuel flow path and/or 
oxidizing agent flow path is larger at the upstream side than the down 
stream side. 

- CONSTITUTION: The fuel flow path 1 and the oxidizing agent flow path 6 are 
formed such that the groove cross-section is decreased gradually by the 
projected sections 16, 17 having the ridge increasing gradually from the 
flow path inlet toward the outlet provided in separator plate 9. 
Consequently, the flow speed of supply gas in said paths 7, 8 will 
increase gradually toward the outlet, to uniform the current density on 
the cell plane resulting in improvement of cell characteristic and the 
service life. 
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1) Title: Fuel Cell 

2) Claims: 

1 . A fuel cell comprising a number of single cells with a electrolyte matrix holding an 
electrolyte between a pair of gas diffusion electrodes comprising a fuel passage for 
the flow of fuel and an oxidising agent passage for the flow of an oxidising agent, said 
single cells being stacked in series with intermediate gas-impermeable separator 
plates, 

wherein the cross-sectional area is larger at the upstream side of said fuel passage 
and/or said oxidising agent passage than at the downstream side thereof 

2. The fuel cell according to claim 1 , wherein said separator plate is provided with 
protrusions which are inserted into the fuel passage and/or the oxidising agent passage, 
the protrusions having a smaller cross-sectional area on the upstream side than on the 
downstream side. 

3) Detailed description of the invention 
Technical field 

The present invention relales to fuel cells, especially to the structure of fuel passages 
or oxidising agent passages for fuel cells. 

Background of the Invention 

Conventional fuel cells which are devices for converting the energy in fuel directly 
into electrical energy are known. A fuel cell comprises a pair of porous electrodes 
with an ordinary electrolyte disposed between them. A fluid fuel such as hydrogen is 
placed contact with the back surface of one electrode, and a fluid oxidising agent such 
as oxygen is placed in contact with die back surface of the other electrode. The 
resultant electrochemical reaction allows electrical energy to be extracted from the 
two electrodes. As long as fuel and oxidising agent are supplied, electrical energy can 
be obtained at high efficiency. Fig 5 (a) and 5 (b) are local sectional view and a 
longitudinal sectional view showing the structure of a conventional fuel cell. 

In tig. 5 (a), the single cell structure comprises a ribbed anode electrode 2 to which a 
catalyst is added at a surface which abuts an electrolyte-impregnated matrix 1, and on 



the lower side, a ribbed cathode electrode 3 to which a catalyst is added at a surface 
which abuts the matrix 1 s and which is formed from a porous material. The ribbed 
electrodes 2,3 have respective ribs 4,5 which form a plurality of parallel, regularly 
spaced channels 7.8 in mutually orthogonal directions. The channels 7,8 form the 
flow passages for the fluid fuel and the fluid oxidising agent respectively. Single cells 
20 formed in this way are stacked with intermediate separator plates 9 that are non- 
gas-permeable, heat-resistant and phosphoric acid-resistant, forming a stacked cell 10. 

As shown in fig. 5(b), sealing conductors 1 1 are placed on the top and bottom of the 
stacked cell 10. Clamps 12 arranged at the top and bottom fix the stack in the stacking 
direction to form a cell body 30. To supply and exhaust fluid fuel such as hydrogen 
and fluid oxidising agent, such as air, to the stacked cell body 30, a manifold 13 is 
fixed to the side of the cell body via a shaped fluoro-rubber packing 14, with a fluoro- 
rcsin seal 15 between the cell body and the shaped packing. Fuel and oxidising agent 
arc supplied or exhausted to all the individual cells together. 

The hydrogen contained in the fuel gas and the oxygen contained in the oxidising gas 
pass through respective flow channels 7,8 and are continuously consumed by the 
electrochemical reaction. Around the inlets to the flow channels 7,8, the partial 
pressure of the hydrogen and oxygen is high. Approaching the outlets of the channels 
7,8, the partial pressure becomes lower. As a result, the electrochemical reaction 
occurs more easily near the inlets to the flow channels 7.8, where the partial pressure 
is high, and the current density distribution in the cell plane deteriorates towards the 
end of the channel, as shown in tig. 2. 

In operation, the current density is calculated from the effective cell area, and because 
there are pails in which the current density is locally high, especially when operating 
at high utilisation factors, the current density approaches the critical current density in 
these regions and the overall characteristics of the cell arc adversely affected. 
Furthermore, during long-term operation of the cell, parts having a locally high 
current density lead to an increase in phosphoric acid emission, and a reduction or 
deterioration in the reaction. The life of the cell is also substantially shortened. 

Aim of the Invention 

In view of the above-mentioned problems, the present invention aims to provide a 
reliable fuel cell having a uniform current density distribution in the fluid flow 
direction, favourable cell characteristics in regions of high gas utilisation factor, and a 
long operating life. 

Summary of the Invention 

To achieve this aim, the present invention is characterised by a fuel cell structure in 
which the cross-sectional area of the fuel passage and/or oxidising agent passage is 
larger on the inlet side than on the outlet side. 

Embodiment 



A first embodiment of the invention is described below with reference to the drawings. 



As shown in fig. 1 (a), a separator plate 9 is provided with protrusions 16 on the side 
abutting the ribbed cathode electrode 3. the protrusions being narrower than the width 
of the cathode channels 8. and the height gradually increasing from the cathode 
channel inlet to the outlet. The number of protrusions is the same as the number of 
cathode channels 8, and they are arranged in parallel in a regular pattern, 
corresponding to the channels. 

Further, the other side of the separator plate 9. opposite the first protrusions 16 is 
provided with protrusions 17 which are a degree narrower then the width of the anode 
channels 7, and arranged in a direction which is orthogonal to the first protrusions 16, 
the protrusions 17 gradually increasing in height from the anode channel inlet to the 
outlet. The number of protrusions 1 7 is the same as the number of anode channels 7. 
and they are arranged in parallel in a regular pattern, corresponding to the channels. 

As shown in fig. 1 (b), the cell is assembled in such a manner than protrusions 16,17 
on the separator plate 9 meet the channels 7,S for the electrodes 2,3, and the cross- 
sectional area of the fuel passage and the oxidising agent passage gradually decreases 
from the inlet to the outlet. 

The operation of the fuel cell of the present invention, as described above, will now 
be explained. Because the protrusions 16,17 fanned on the separator plate 9 gradually 
increase in height from the passage inlet to the passage outlet, the cross-sectional area 
of the fuel passage 7 and oxidising agent passage 8 gradually decreases. This means 
that the flow rate of the supplied gas flowing in the fuel passage 7 and the oxidising 
agent passage 8 gradually increases towards the outlet. 

Fig. 3 shows the characteristic of the fuel cell in accordance with the present 
invention for a first case in which protrusions are fonned on the separator plate 9, the 
cross-sectional area of the channels is small, and the flow rate of supplied gas is large 
(shown by the dotted line A), and for a second case in which no protrusions are 
fonned on the separator plate 9, and the cross-sectional area of channels is large 
(shown by the unbroken line B). Mere, the ratio of the cross-sectional areas of the two 
channels is 2:3, the protrusions are not inclined and only an increase in the flow rate 
of gas supplied has an effect on the cell characteristic. It can be seen from fig. 3 that 
the greater the flow rate of the gas flowing in the fuel passage 7 and oxidising agent 
passage 8, the more effective is the diffusion of the supplied gas, and the better the 
cell characteristic. 

Because the fuel cell of the present invention has gas channels with a cross-sectional 
area that decreases towards the channel outlet, the partial pressures of the fuel and 
oxidising agent flowing in the channels (and continuously consumed) are reduced. 
This inhibits the electrochemical reaction, but because the flow rate of the supplied 
gas gradually increases, the diffusion effect on the supplied gas is improved, and the 
same amount of electrochemical reaction occurs across the whole plane of the cell. As 
a result, the current density is made uniform across the cell plane, and even at high 
utilisation factors, a higher voltage can be maintained stably, and also the life of the 
fuel cell can be extended. 

Furthermore, since the reduction in cross-sectional area of the supplied gas flow 
channels can be achieved without manufacturing ribbed electrodes, the phosphoric 



acid of the matrix layer which is a feature of the ribbed electrodes, is reduced and the 
occluded phosphoric acid is replenished. The so-called "reserver function*' which 
extends the life of the fuel cell is not impaired, the gas diffusion area of the ribbed 
electrode is not diminished, and the above-mentioned cell performance can be 
increased. Moreover, since the cross-sectional area of the supplied-gas channels is 
smaller, when the gas is flowing in the channels, the pressure loss is larger. As a result, 
when several cells are stacked together, the flow distribution effect is increased, and 
the gas supplied is evenly distributed to each cell, so that the utilisation characteristic 
of the whole stack is improved. 

Further embodiment of the invention 

A farther embodiment of the present invention is described below, with reference to 
fig 4. The channel width of the oxidising agent channel and the fuel channel of the 
cathode ribbed electrode and the anode ribbed electrode decreases towards the outlet 
of the channels, so that the actual flow rate of the oxidising agent and fuel gas flowing 
in the respective channels is increased, and the cell performance can be improved in a 
similar manner to the main embodiment. 

Effect of the Invention 

In accordance with the above description, the present invention has the following 
advantages. Since the cross-sectional areas of the supply-gas channels for the anode 
and cathode electrodes decreases towards the flow channel outlet, the How rale 
gradually increases as the outlet is approached, and the diffusion effect of the supplied 
gas is improved. Consequently, the current density in the cell plane is made uniform, 
and even at high utilisation factors, a higher voltage can be stably maintained, and the 
operating life of the cell can be extended. 

When several cells are slacked together, because the cross-sectional area of the supply 
gas channel is reduced, when the supplied gas flows in the flow channels, the pressure 
loss is increased. As a result, the flow distribution is improved. 

4. Brief description of the drawings 

Fig. 1 (a) (b) is a side view of a separator plate and a side view of a stacked cell 

arrangement in accordance with one embodiment of the present invention. 

Fig. 2 is a characteristic curve of the current density distribution of a conventional cell 

plane. 

Fig. 3 is a characteristic curve for explaining the advantages of the present invention. 
Fig. 4 is a side view of a cell in accordance with a further embodiment of the present 
invention. 

Fig. 5 (a, b) is a structural drawing and a longitudinal section through a conventional 
fuel cell. 

1... Matrix 

2... Ribbed anode electrode 
3... Ribbed cathode electrode 
9... Separator plate 

16... Protrusion which abuts cathode channel 



17... Protrusion which abuts anode channel 
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